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REPORT ITI

A SYNOPSIS OF THE TORTUGAS PINK SHRIMP FISHERY,

1960-1981, AND THE IMPACT™ OF THE TORTUGAS SANCTUARY

by

Fdward F. Klima

Geoffrey A. Matthews
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INTRODUCTION

The implementaiton of the Gulf of Mexico Shrimp Fisherv
Management Plan on'Mav 15, 1981 established an area commonly
known as the Tortugas shrimp'sanctuarv and prohibited all
trawlinag activity within that area (Gulf of Mexico Fishery
Management Council, 1980).  The basis of this'requlation was
founded in scientific information which indicated that the
sanctuary is a primary nursery area for the Tortugas shrimp
stocks and that recruitment to the offshore fishery is
dependent on the sanctuary. Further, Lindner (19A5) and
Berry (1969), utilizing qrowth and mortality information,
indicated that the vield of pink shrimp would be greater 1if
harvest_was delayed until shrimp are larger than the minimum
legal size for harvesting in Florida. ‘Therefore, the con-
cept of the Gulf of Mexico Fishery Management Council in re-
establishing the sanctuary.was to protect small, undersized
shrimp from fishing. Furthermore, it was assumed that the
distribution of small shrimp was confined mainly inside the
sanctuary line and that outside the line shrimp were of a
legal size or larger. Thus, the establishment of a per-
manent sanctuary would result in a qreater'vield'(Gulf of
'Mexico'Fisherv Manaqement Council, 1ﬂ80)._'

This report reviews and analyzes the characteristics of
the Tortugas fishervy from the inception of the closure in
"Mav 1981 through December 1981 andvcbmpares this information
with the historical record. These comparisons include
catch, effort, size composition and catch per unit effort
(bﬁUE)."We determined whether these characteristics were
affected hy thé requlations. 'mhis.report is to he con-
‘sidered along with the report developed by Roberts (MS) pro-
viding details of the size diStribution and abundahCE of
pink shrimp from September 1981 to February 1982,



MATERIALS AND METHODS

Collection of detailed CatCh_statistics describing the
U.S. Gulf of Mexico shrimp fishervy are availahle since 1956
and the procedures used to collect them are described by
Klima (1980). The statistics compiled by the Southeast
Fisheries Centef (SEFC), Technical Information ManaQemenf
Services (TIMS), consisting of catch by statistical area
(Fia 1), effort data (in 24 hrs of fishing, time expressed
as days fished) and size composition of the catch were used
to analyze the effects of the Tortugas shrimp sanctuarv .
Locations and amount oflfishinq effort expended in 24 hrs
fishing were'obtaihed-hy7interviewin¢ fishing vessel cap-.
tains at the termination of their trips. All catch data
were recorded as heads-off by species and size category, by
statistical subarea, depth zone and month. These data were
used fo compile CPUE per 24 hrs of fishing and are_reported
in "Pishery Statistics of the United States (19%6-1979)" and
"Shrimp Landings (1956-1079)", Data from 1980 to the pre-
sent are on file at the SEFC TIMS office and are available
for inspection by interested parties. Mr. Frnest Snell
(SEFC, TIMS) has provided specific information ¢oncerninq
the'Tbttuqas shrimp fishery_relativé to fleet'activities,
changes in the fleet, number 6f_trips, discards and spéci-
fics of catch and effort for the fishinq'area.durinq 1981,
Catch data frequently follow skewed distribution, show
heteroscedasticity and have non-additivé components.
Trﬂnéformatians applied to the original data are often able
to alleviate these problems and permit valid statistical
analysis of the data emploving t-tests and 2-way analysis of
variance (ANOVA) (Sokal and Rohlf, 1969). _Tavldr?s (1961)
test analyzing relationships between means and variaﬁces
showed the shrimp catch data should be'transformed-logarith-'



mically and CPUE data should be transformed by the inverse
of their square roots. The analysis of these transformed
data provided statistical support to what the untransformed
data showed and the summaries are presented here with
untransformed data.
Statistical Tests

Mean monthly catch ahd mean CPUEs for the 19A0-1070
period were compared with the 1981 monthly data via 2=-way
ANOVA and Student-Newman-Keuls (SNK) tests. Additional com-
parisons hetween monthly means of the fisheries data for the
five earliest years (1960-1964), the five latest vears
(1975-1979) and the 1981 monthly data were made hv paired
t-tests. The shrimp size distributions for each month were
compared with each of the three historical data sets and
1981 monthly size distributions using G-tests (Sokal and
Rohlf, 1969). Unless otherwise stated, tests of signifi-
0.05) (Rohlf and

cance were performed at the 95% level (P
Sokal, 19869), |
| Fishery Rackaround

- The Tortuqas pink shrimp (Penaeus duorarum) fishinq
grounds were discovered in 1949 and by 1950, a major commer-
cial shrimp fisherv had developed. Regan et al. (1959)
reported_a decline in the landings of larger shrimp and
possible depletion of the stock caused hy landings of small-
shrimp (70-count and above,'heads off). Costellol has
reviewed the state of Flbrida's regulations relating to the
-?ink shrimp fishery and summarizes these from 195% to the
present, HE-identified the étate's concern about possible
over- exploitation and the concern over 1arqe catches of very
small pink shrimp that were not saleable and were probably

1Costello,'T._J; .DOC/NOAA/NMFS/SEFC, Miami, FL: persbnal
communication.



‘discarded at sea. To prevent wastage and discard of small
shrimp, the Florida State Board of Conservation set regqula-
tions specifying the minimum legal size of mesh allowed in
the codends of shrimp trawls used on the Tortugas grounds
and also established a minimum size limit for shrimp.
Florida closed a part of the Tortugas fishing arounds to
fishing in 1957 to prevent large catches of small shrimp.
Caillovet and Koi (1981) consideréd the influences of major
changes in requlations concerning the fishery, in exploring
possible causes of annual fluctuations in size composition
of the reported catches from 1960-1978., ' |
The Fleet N i _
Shrimp trawlers fishing the Tﬂrtugés grounds_bperate out
of Rev West, Marathon,ﬂFart Mvers, Tampa, St. Petersburg and
Tarpon Springs, FL. From January to April 1982, approxima-
tely 590 shrimp trawlers worked the Tortugas shrimping
grounds. The number of trawlers decreased during the months
of May4Auqust, but by October had increased (Table 1}. ‘he
maior fishing"SEasdh in the Mortugas runs from Octdber
through May of each vear. During the summer months, the
majority of the Tortugas-fleet migrates to the northern
Gulf, where some Florida dealérs open packing houses for
their established fleets (Ernest Snell)?. These trawlers
return to the southern area by late October to again fish
the Tortugas Eishinq grounds. ' '
Major changes in the fleet have been the addition in
1979 of “qﬁad-rigs“_or_“twinftrawls'_and the use of freezer
holds. Approximately 90% of vessels with 350 HP endines now
use quad-rigs, whereas only 60% of vessels with less than
350 HP are so equipped. The USe'offfreeﬁer'holds by some

2,3snell, Ernest J. DOC/NOAA/NMFS/SEFT/TIMS, Miami, FL;
personal communication, |



trawlers began in 19A8, " gnell3 estimates there are
~ approximately 50 trawlers with freezers on the Tortugas

grounds during the season. |
Approximately 20% of the shrimp from the Tortugas

grounds that are landed in the Key West area have heads on.
Much of this shrimp is ‘headed at the dock, while a portlon
is marketed to retail outlets, heads on., This heads-on
retail market is said to be lucrative due to the price
received for the shrimp and the fact that little expense is
involved in handling. Typically, the shrimp are sorted from
the fish, put in bags ﬁp to 60 1bs and frozen, heads on.
This product entails very little handling and can be distri-
buted to various users along the coast. Vessels_operating'
out of Marathon are tvpically freezer vessels and land their
entire catch heads on. .

- The Tortugas fishinq grounds have been describhed by
Iversen et al. (1960). 1In 1960, fishing was concentrated
in statistical subarea 2. These authors indicated that
shrimp occur outside the regqularlv fished area but fishihg
is difficult and hazardous because of the presence of
loggerhead sponges, coral and other obstructlons. Thev
clearly indicated-that.emall clear areas are found outside
the region and these are occasionally trawled with the aid

of lighted huoys set out by the fishermen.

RESULTS

In rev1ew1ng the catch by stat1stlca1 areas from 1960
through 1981, it is apparent that the fishery was con-
‘centrated in what 1is referred to as statlst1ca1 subarea 2
from 1960 to appreximate1y11972 (Fig 2);' *hereafter, the
fishing grounds appear to increase eonsiderably, with mote-
effort exerted in statistical subarea 3 from 1972 to the



present and by 1980, statistical subarea 1 became slightly
more impbrtant. Therefore, the qrounds-havé expanded in
nature from the inception of the fishery to include areas
further to the north and south of RKey West. T™he reason for
this expansion is that continued trawling cleared the '
grounds of loggerhead sponge and coral. 1In fact, in 1981,
almost 3% milliom lhs of shrimp were landed from statistical
subarea 3 whereas in 1960, only about 10,000 lbs were landed

from this subarea.

1981 Fishery Locations

In 1981, the Tortugas pink shrimp fishery ﬁas_loéated in
three statistical subareas (1, 2 and 3). Landings from
these subareas by depth zones are shown in Figs 3a-3l. Note
that the majority of the catch was caught in statistical
subarea 2 in January in depth zones 11-15 and 16-20 fms, A
small amount of catch was also produced in the 11-1%5 fm
depth range in subarea 3. The February catch was much less
and was distributed in approximately the same areas as |
~January. In March, 1arge'catches were produced in all three
statistical subareas, with the predominant catch being found
in the 6-10 fm depth range in subareas 1 and 3, with the
next peak ih:subarea 2 in 11—1# fms. April landings were
also large; however, catches were made mostly in statistical
subarea_2 in the 11-20 fm depth ranges and some catch was
produced in subarea 3 in the 11-20'fm-depth_range. A simi-
‘lar pattern existed in May and June but with lower catches,
No catches were made in subarea 1 after June. In July,
‘August and September, catches were'concentrated'in subarea 2
in the 11-15 fm depth range and continued to be low. In
October, catches inCreased_in'subarea 2 and by November and
December the catches were very high in subarea 2 in the
11-15 fm depth zone.



Landings

Annually, landings in statistical subareas 1 through 2
from 1960-1981 have averaged approximately 10 million lbs/yr
(Fig 4). They have fluctuated from a high of slightly more
than 14 million 1bs in 1960 to a low of about 7 million lbs
in 1972, The peak annual production occurred in 1981, with
landings of almost 14.5 million 1lbs of pink shrimp. The
small variation in annual landings, depicted'bv the standard
deviation of +1.6 million lbs, indicates a relatively stable
fishery throughout the 21-yr period. Note also that there
are only five vears (1960, 1963, 1972, 1975 and 1981) in '
which landinqs fell outside one standard deviation from the
mean. |

| The avearge monthly landinas for 1960-1979 showed an
annual cycle whose amplitidue ranged from a high of 1.4
million 1lbs in January to a low of 260,000 lbs in July.
Average monthly landings from 1960-1980 were high in
_January, decreased considerably in February, rose slightly
in March and decreased steadily to the low in July (Fig 5).
Values increased very slightly in Auqust, again in September
and substantially in both OCtober and November. December's
value was about the same as November's, both beinq'about the
same as March's. It appears evident that the historical
fishery is based on recruits entering the fishery in
September-October and providing the supply for this fishery
through March-April. o

In 1981, the monthly pattern of shrimp landings with
| regard to magnitude was significantly different from the
historical record for 1960~1930-(Fig f). Landings were'
greater in January and significantly areater from March.
through September. We examined these data by 2-way ANOVA
which clearly showed there were significant differences be-
tween years and between months (Table 2). We then grouped



the data into average monthly landings for 1960-1980 and
made comparisons with the 19R1 monthly landings by paired
t-tests., These results indicated that 1981 was signifi-
cantly different from the historical data set (t)y =
3.974*), 1In addition, we were interested to know if there
was any difference in the average monthly landings between
1981 and the last five vears in the fishery and the first
five vears for_#hich we have statistical records. As a
result, we conducted paired t-tests hetween the historical
vears (1960-1964) versus 1981 and between 1975-1980 and
1981. These tests indicated that there were significant
differences between these two historical data sets and 1981
(1960-1964, t(11) = 2.456** and 1975-1979, t(11) = 3.956"*%),
 In addition, the SNK test indicated most annual landings
were equivalent ﬁithin statistical measures {Table 3). We
also examined the averaqe landings by month, utilizing the
SNK test since the ANOVA indicated differences between .
months. These resUlts indicated that through thé'?ears the
landings were similar in the following pairs of months:
July'ahd August, June and Septembér and May and October énd
these sequences of months were different from the remaining
months. Therefore, further-analyses-using landinqs data'may
be grouped into these'pairihqs (Fig 7, Table 4), |
Fishing Effort o ' | '

Fishing effort (1960-1981)****'averaged approximately
16.5 thousand déys/yr with'a standard. deviation of +1l.6
thousand daYs.' Highest effort was expeﬁded in 1961 and

*significant at 99% level.

**significant at 95% level.
***aignificant at 99% level. ,
****1980_effort data were not used because it is not

available in final form.



again in 1978. Lowest effort was expended in 1971 and 1972,
" Effort did not fluctuate greatly throughout the 20~yr period
in this fisherv and remained fairly constant with some low
efforts in 1971 and 1972, with no seguence of vears having a
high level of effort (Fig 8)., The average appears to be a
good indicator of the constancv of this fishery. 1In 1981,
the effort was a little below average. ' |
The average monthly efforts expended in statistical

subareas 1-3 (combined) for the period 1960-1979 (Fig 9)
generally follow the same pattern of highs and lows as the
average monthly landings for the same time span. The
fishing effort was generally low in July, August and
September., It increased steadily thrbuqh the fall months to
a peak in January. ' Effort remained high in February and
March before declining in April, May, June and July. ‘The
monthly fishing effort expended in 1981 (Fig 10) was some-
what different from the historical trend but only slightly
so. The monthly fishing efforts for February and December
198] were more than one standard deviation below the means
for the corresponding months' efforts for the historical
data set. Efforts ih April,'June, July and September 1981
were more than one standard deviation abeve.the means from
the corresponding months for the historical data set. The
rest of the monthly fishing effort data set appears to be
similar to the historical data set, indicating that fishing

effort in all months except February and December were simi-
lar to the historical fishinag effort.
Relative Abundance

The relative abundance of pink shrimp is measured by the
CPUE for 24-hr fishing day and it is remarkably stable
throughout the 1960-1979 period, with an average of 603
1bs/24-hr day with a standard deviation of +63 1lbs/24-hr day
for this time span (Fig 11). The highest CPUE was in 1960



and 1981. 1In 1960, the CPUF was approximately 751 1lbhs/24
hrs whereas in 1981, the'CPUE (959 1bs/23 hrs) was signifi-
cantly areater than CPUFE estimates for the previous 20-yr
period. o | o
| The averadge monthly CPUE for pink shrimp for 19f0-1979

is remarkably stable from January through August. During
.these months, the CPUE averadqed between 500 and 600 o
l1bs/24-hr day (Fia 12). The CPUFE increased appreciablv in
September, increaséd to a peak in October and dropved to
.sliqhtly below the'Septemher value in November. A large -
‘amount of variation is noted in the September and October
CPUE figures. This variation is probahly attributable to
the variabilitvy in recruitment between vears, as the major .
recruitment of the fishervy normally occurs in September and
October. - o

The CPUF or measure of relative_abundance inflﬁﬂl
appears to be greater than the historical average noted in
March, April and May (Fig 12). Lower CPUE was noted oﬁlv in
the month of November. S
" In analyzing the CPUE by months and between vears; we
ran a 2-way ANOVA that indicated there was a significant
difference between'vears and months (Tale %). We further
- analyzed the data by paired t-tests in comparisbn with the
historical average CPUE for 1960-1979 versus 1981, the first
five vears of the fishery (1940-1964) versus 1981 and the
last five vears for which we have data (197q-1979) versus
1981, The results of these tests show there were signifi-
cant differences between all.domparisons (Table %5).  Thus
the relative abundance estimates oh the Tortugas shrimp
grounds was sighificantly greater in 1981 than in the
1960-1964 or 1975-1979 time frames.
- We furthér analyzed the averaqe CPUE for the 2l-yr

period utilizinq'the SNK test. These results indicated a
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great amount of similarity between the average CPUE hetween
years and identified two nonsignificant groupinas of years
(Table 6). The average CPUE by month was also analyzed
using the SNK test, which revealed Five SUbsets'of similar
months (Table 6).
Size |

We inspected the percent size distribution of ‘the com-
mercial pink shrimp landings by month in 19R1 (Fiqg 14a-141).

In January, the-predominant size distribution was 41-50

count shrimp with approximately equal guantities in all the
large size categories. 1In Fehruary, there did not appear to
be any single dominant size group, the most freaquent size
classes were 21-25, 21-40 and 51-67 count shrimp. In
March, there were two dominant peaks-at-ﬁa-count or smaller
and 51-67 count with almost no other eize'categofv being of
importance to the fisherv. 1In April, the same phenomenon
was observed with two major peaks, one at 51-67 count and
one at 68-count or smaller. The same sequence occurred in
May, with those two dominant peaks and by June the dominant
peak was 51-67 count with the other size classes still not
being important., In September and Octobher 1981, we noted a
slight peak at the 51-f7 count level but in Octoher, there
was a tri-modal peak ranging from.31-40't9_q1-67 ceunt and
in November, no sinqgqle size class dominated the catch., 1In
December, 31-40 count ehrimp dominated the catch.

We compared the differences hetween the 1981 percent
size class distribution and the historical size class
distributions for the 1960-1064 end_IQ7G-1980 time frames,
utilizing a G-test (Table 7). The'results'indicated there
were siqnificant size differences in the composition of the
landings for all months between the 1960-1964 time frame,.
the 1976-1980 time frame and the 1981 values. There were
also significant differences'in-size compesition for all
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months except February and September, when 1976-14680 avefa-
ges were tested against 1981 values. '

The major'differehces hetween the 1981 size composition
and the historical size composition data is that in 1981,
large catches of small pink shrimp (51-67'count and 68-count
or smaller) were caught in March, April, May and June
whereas the 1976-1980 period did not indicate those dominant
modal_groups in those months. The historical size composi-
tion data also showed dominant modal qroups of small shrimp
in September and October, whereas the 1981 data did not show
as dominant modal groups of small shrimp. ‘This finding'
indicates major shrimp recruitment in the spring of 1981 and
some recruitment in the fall. The size composition in
October-December 1981 is significantly different in composi~
tion from the last five vears of the fishery (1876-1980);
the difference is that the 1981 landings are large in size.
Catch and'Fishing Effort . |

We have examined the'landinqs in_millions of 1lbs versus
total projected days fished for the time frame 1960-1981,
omitting 1980 data. Two vears were very different than the
others - 1960 and 1981 (Fig 15). The relationship shows
considerable stability in the fishery, which centers around
15-18 thousand days fished with catches ranging from
approximately 8 million 1bs to slightly more_than'll million
lbs/yr. These values_encompaSS most of the yéars examined
in this graph. ' '

Low catch and effort were ekperienced in 1971 and 1972
and high catch and relatively high effort were experienced
in 1960; low catch and a high level of effbrt-wefe observed
in 1961. In 1981, catches were high and effort low - very
different than any other years in the fishery.
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DISCUSSION

The permanent Tortugas sanctuary was established in May
1981. 1In trying to evaluate the management requlations, we
have specifically looked at landings; effort,_CPUE and size
composition from May through December 1981 and have compared
these catch statistics with the historical data from 1960~
19709, '

"Monthly landings in 1981 were higher in MaY; June, July,
August and September'and lower in October, November and '
December when compared with average landings in correspond-
ing months from 1960-1980. In comparing the monthly rela-
tive abundance from May-December between 1981 and the
historical record, it is evident the CPUE was significantly
greater from May-October and December and lower in November
1981 from the historical data. In comparing the size com-
position between 1981 and'1976-1980, it appears there are
significant differences for all months from Ma?-December
except September. The 1981 data clearly indicates a domi~
nant modal group from March-Auqust. This modal qroup is
apparently the strong sprinq year-claSS-than entered the
fishery in March, April and May_andeOntinued to grow to a
31-40 count by Auqust. Histofically, this modal group was
not evident in the first five vears_nor was it evident in
the last five years of the fishery, The September 1981 size
class data were not significantly different from the .
September data for 1976-1980, 'There'appeared to be a simi-~
" lar amount of recruitment in September 1981 and September
1976-1980. The October size frequency distributions, how-
ever, were startlingly different in tHat the historical data
reflected strong recruitment in both October and Ndvember,
whereas the 1981 data did not reflect-such recruitment._
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There were large differences in the landings, CDUE and,

to a degree, the size compqsiticn on the fishing arounds

from May-December 1981 compared with previous years. How-
“ever, it is not possible to make a determination from these
data that those differences were attributed to implemen-
tation of the Tortugas sanctuary. The reason we came to
this conclusion is that there was a major recruitment into
the Tortugas shrimp fishery in March and April, which'pre-_
ceded implementation of the line. However, we speculate
that the line may have canfributed to the continued_hiqh
CPUE and high landings as well as preservation of the domi-
nant modal group that was recruited into'the_fishery in
March and April and resulted in slightly larger shrimp beiﬁg
harvested from OcteberiDecember_IQHI. '

Questions also arise as to how many fishermen refrained
from fishing inside the sanctuary, as 33 violations were
documented from.Mav 1981 through March 1982 (Fuss).? If
considerable amounts of-illegal'fishinq did occur, the catch
results presented in this paper mav be biased in terms of
measures of CPUE. Further, the full benefits of the san-
cutary would not be realized.

SUMMARY
Commercial landings from statlstical subareas 1, 2 and 3
in 1981 qreatly exceeded landings in all vears of the

fishery since 1960. Average landings are approximately 10
million lbs/yr; however, in 19R1 landings amounted to 14.5

4Fuss, Charles- DOC/NOA/NMFQ/GERO, Gt.-ﬂetersburq, FL;:
personal communicat1on.'
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million 1lbs of shrimp. ™he landings appeared to he stable
during the 21-yr period, with the exceptions of 1960-1962,
1972, 1975 and 1981, which fell outside the standard
deviation of this 21-yr period. .

The fishery basically begins each vear in September/
October with recruitment of small shrimp to the grounds.
Peak production is in December, Januarv and Februarvy and is
followed with a slight decline in March and April-produc-
tion, tapering off considerably in the May-Auqust period.
Monthly landings differed significantly from March through
September 1981 from the same months for all other yvears of
the fishery. ' |

Fishinag effort did not fluctuate areatly over thé 20-yr
period and averaged 16.5 thousand days/yr. Highest effort
was expended in 1961 and again in 1978, inllqsl, the effort
was a little below average but within one standard deviation
for the 20-yr period.

There were significant differences in the CPUE between
1981 and all other vears in the fishery. ™he relative abun-
dance of pink shrimp, as measured by CPUE for 24-hr fishinq
days, 1s remarkably stable throuahout the 1960-1979 period
with an average of 603 1lhs/24-hr day. The highest CPUF
occurred in 19R1 with a catch of 957 1hs/24-hr day.
Further, when_comparing fishing effort versus catch, the
fishery avnpears to'be'remarkablv‘stable_for_all years
except 1981, - -

Size distribution in 1981 was sigificantly.different
from the last five vears (1976ﬂ1980} and the first five
years (1960-1964) of the fishery. The primary difference
was a large recruitment of Go-count or smaller shrimp into
the Tortuqaé'fishinq arounds in March and April, This
recruitment could be followed bhy their modal size classes
through August. Historically, there is not a large spring



recruitment: howevef, 1081 was different and this spring
recruitemnt was easilv detectable in the size cateqories of
the commercial landings. RAlso, the size of shrimp landed '
in October-December 1981 was larger than for previous vears.
The catch and relative abundance, as well as the size

distribution of the shrimp on the Tortugas grounds,'was dif-
ferent in 198] than in all other years_of the fishery exéept
-perhapé 1960, Landings ﬁere higher, CDUE was higher and '
major recruitment of small shrimp, which could be followed
throughout the fishery for several months, occurred in March
and April. Establishing_the sanctuary line may have pro-
tected the small shrimp which were in the area durinag the
months of May-September, however we cannot make that deter-
mination at this time. 1In 1981, the usual fall recruitment
probably was not as great as in previous Years.
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Table 1. Number of vessels unloading shrimp caught in sta-
tistical subareas 1, 2 and 3 in 1981.*

Month ~ Kev West, FL ~ Ft. Myers, FL

January-April i 355 ' | } B 235

May - 178 o 138
‘June 131 o 129

July . 76 o1
Auqust | : 77 - K:
September | 90 B 18
October 186 ' 33
November = 197 - A0
December ' a 218 | . 96

*Prnest Snell, DOC/NOAA/NMFG/GEFC Miami FlLs personal
communnication. | | |



"Table 2., Results of a 2-way analysis of_variance (ANOVA) of
-monthly landings from 1960 throuagh 1980.

Deqree of =~ Mean Square
Source ' ___Freedom ~ _Frror ~_F
Years 20 ' 0.3668 3, 37R***
Months 11 . 7.4069 AR ,2213***
Error 220  0.1086
Total | - | 251

***_ significant at 99% confidence level (P£0.01),



Table 3. Maximum nonsignificant ranges of average landings
by yvear from the Student-Newman-Keuls tests.

Non-significant ranges
1972 - - - ' |
1962
- 1976
1971
1975

1963
1969
1967
1048
1974
1973
1977
1961
1978
1979
1965
1970
1964
1966
1960
1981



Table 4. Maximum nonsignificant ranges of average landings
'by month from Studentfﬂewman-Keuls tests.

Non-significant ranges

July

August—________J
June

May

oct;:

April

- February
November
December
March

January



Table 5, Analyses of CPUE data from the'Tortuqas pink__
~ shrimp fishery., '

A. Results of a 2~-way ANOVA testihﬁ'monthlv CPUE for the
period 1960-1979 and 1981.

Source of - Degree of Mean'Squafe

variation _ Freedom Error . F
Years 20 , 0.00007 2.3128*%**
Months 11 1 0.00035  12.5210%%*
Error - 220 | 0.00003 -

motal 251

B. Results of paired t-tests for mean monthly CPUE for
| selected groups of years versus monthly CPUFs for 1981,

1960-19?9 vS 1981 | | t(ll)_= 3.114***.

1960-1964 vs 1981 t(11) = 2.4767

1975-1979 vs 1981 t(11) = 4.718%**
* = D(O'OL') | .l

** = PC0.001
*k* - p€0.0001



Table 6. Results of Student-Newman-Keuls test showing the
maximum nonsiqnificant'ranges (by lines) in pink.
shrimp mean annual CPUFs 1960-1981, excluding

. 1980, o - -
A. Mean annual CPUEs, 12 months each. | |
Non-significant range

1981

1960

1966

19614

1971

1970

1965

1079

19073 R. Mean monthly CPUES,
1074 21 years each.
1967 | o Nonisiqnificant range
1962 | -~ October
1968 _ | November
1978 . September
1974 : ‘December
1969 | | July

1062 ~ Auqust

1977 . | January
_1972' ' March
1961 _  April

1975 o June

February:

Mayv



Table 7. G-test comparisons of composition by size cate-
gories of pink shrimp landings from statistical
subareas 1, 2 and 3. '

1960~1964 vs. 1960-1964 vs  1976-1980 vs,
Month 1976-1980 G. values 1981 G. values 1981 G. values

September 27.0 28,9 16 .0
February 28 .2 16.6 © 12.3 N.S.
March - 26.0 48.3 68.8
April 24 .9 18 .4 65 .8

May 27,4 34,9 85 .8
June 20,0 - 52.3 32.8

July 38,7 73.7 51.5
August 82,7 66 .5 9.5
September 46,7 45 .7 7.6 N.S.
October 20.6 A6 .8 21.5
November 22.9 TR.0 19.3
December 12,6 23.6 18.0

Significant values: X2.05(f) = 12.59

x2,01(6) = 16.812



